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BIOCHEMICAL CHANGES IN THE SKIN OF MINK WITH EHLERS-DANLOS 
SYNDROME: INCREASED COLLAGEN BIOSYNTHESIS IN THE DERMIS OF 
AFFECTED MINK 
DAVID F. COUNTS, PH.D., PATRICIA KNIGHTEN , B.S. , AND GERALD HEGREBERG, D.V.M., PH.D. 
Department of Veterinary Microbiology and Pathology, Washington State University, 
Pullman, Washington, U.S.A . 
The Ehlers-Danlos syndromes CED-S) are a group of connective tissue diseases which 
occur in humans and other mammals. Mink inherit an autosomal dominant form of ED-S 
which is characterized by laxity and decreased tensile strength of the skin. We wish to 
report some of the biochemical changes in the skin of affected mink as compared to age-
matched, nonaffected mink. There was a 39% increase in acetic acid extractable collagen 
per wet weight of tissue of the skins of the affected mink. This was accompanied by a 260% 
increase in prolyl hydroxylase specific activity, a 179% increase in lysyl hydroxylase 
specific activity, and a 118% increase in lysyl oxidase specific activity in the skins of 
affected mink. [3H]-Hydroxyproline formation was increased 133% when skin tissue minces 
were incubated with [3H]-proline. This was accompanied by a 77 % increase of [3H]-proline 
incorporation into protein and a 93 % increase of [14C]-glycine incorporation into protein. 
Noncollagen protein synthesis, evaluated by measuring [3H]-tryptophane incorporation 
into protein, revealed a 40% increase in noncollagen protein synthesis. The increased 
collagen synthesis rate in the skins of the ED-S affected mink may represent either the 
absence of the control of collagen metabolism which contributes to the molecular defect of 
the ED-S in the affected mink, or a response to the damaged skin caused by the ED-S in 
the affected mink, or both. 
The Ehlers-Danlos syndromes (ED-8) of man, 
rare,. heritable connective tissue diseases, are rec-
ognized primarily on the basis of characteristic 
clinical changes, inheritance patterns, and, in 
some forms, biochemical changes. The cardinal 
clinical signs associated with the human syn-
dromes include fragility ofthe skin and peripheral 
blood vessels, laxity of the skin, and hyperexten-
sibility of the skin and joints [1-5]. A condition in 
dogs and mink resembling the Ehlers-Danlos syn-
drome in man has been reported and clinically 
characterized [6-8]. The syndrome in dogs and 
mink has an autosomal dominant mode of inher-
itance [7] which is similar to the inheritance 
pattern seen in the human Ehlers-Danlos types I, 
n, and liT [9]. 
Although abnormal collagen intermolecular 
cross-linking patterns have been seen in the skin 
of a patient with Ehlers-Danlos type I [10] and 
abnormal intermolecular cross-linking patterns 
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have been proposed as a pathological mechanism 
of the Ehlers-Danlos syndrome in dogs and mink 
[11], the specific lesion causing any of the autoso-
mal dominant forms of the Ehlers-Danlos syn-
drome is unknown. Much is known about collagen 
biosynthesis but little is known about the control 
of collagen metabolism. The biochemical basis of 
the pathological defect has been determined for 
the Ehlers-Danlos syndromes where the defects 
have involved the synthesis or the maturation of 
the collagen molecule (for review see reference 9). 
However, the control of collagen metabolism has 
not been implicated in any of these disorders . 
The rate of collagen metabolism can be altered 
by a variety of physiological [12], biochemical 
[13], and pharmacological [14] perturbations. Al-
though each of these situations represents an 
experimentally induced system, study of these 
systems has enhanced our understanding of the 
normal physiological control of collagen metabo-
lism. An alteration in normal collagen composi-
tion has been the primary cause of the Ehlers-
Danlos syndromes, types IV-VII. 
The rate of collagen biosynthesis and the activi-
ties of several enzymes associated with collagen 
biosynthesis were assessed in the skin of mink 
affected with the Ehlers-Danlos syndrome. Colla-
gen biosynthesis and all the enzyme activities 
measured were elevated. Since increased collagen 
synthesis is usually accompanied by a high acid 
extractability [15], the increase of acid extractable 
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collagen from the ED-S affected mink skin may 
be, in part, due to the increase in collagen biosyn-
thesis. These fmdings present evidence that in 
mink the autosomal dominant Ehlers-Danlos syn-
drome involves the control of collagen metabolism. 
MATERIALS AND METHODS 
Mink 
Mink were obtained from a colony maintained at 
Washington State University [6). Affected and nonaf-
fected mink used in this study were 15-month-old males 
in which the presence or absence of the Ehlers-Danlos 
syndrome had been previously assessed clinically. 
Materials 
Bovine serum albumin and calf thymus DNA were 
purchased from Miles Laboratories, Inc. L-[4-3H)-Pro-
line (15 Ci/mmole), L-[2,3-3H)-proline (26 Ci/mmole) 
and L-["H(G)]-tryptophane (7 Ci/mmole) were pur-
chased from New England Nuclear Corporation. L-[4,5-
3H)-Iysine (30 Ci/mmole), DL-[6-"H)-lysine (29 Ci/ 
mmole) and [l-' 4C]-glycine (50 Ci/mmole) were ob-
tained from New England Nuclear Corporation. Sam-
ples were counted in ACS (Amersham/Searle) counting 
solution. Eagle's Minimum Essential Medium (MEM) 
(F-12) and penicillin-streptomycin solution were ob-
tained from Flow Laboratories. Eagle's MEM was sup-
plemented with 0.3 mmole of ascorbate and 100,000 
units of penicillin and 0.1 gm of streptomycin per liter 
of solution. Hydroxyproline was obtained from Sigma 
Chemical Company. 
Preparation of Substrates 
Substrate for the prolyl hydroxylase tritium release 
assay was prepared by the method of Hutton, Tappe! , 
and Udenfriend [16] . Hydroxy lysine deficient substrate 
was prepared as described by Guzman, Rojas, and 
Cutroneo [17] and lysyl oxidase collagen substrate was 
prepared according to the method of Siegel [18) . 
A ssay of Enzyme Activities 
Skin, taken for enzyme assays, was removed from 
the dorsal shoulders of Nembutal Sodium anesthetized 
mink. The biopsies were all taken within 3 hours of 
each other to prevent fluctuations of enzyme activities 
due to the reported diurnal rhythmicity of prolyl hy-
droxylase activity [19). The skin was removed, the 
epidermal surface was shaved, and fat was scraped 
from the skin's dermal surface (all manipulations were 
carried out at 3-5°C). The skin was then frozen in 
liquid nitrogen, pulverized with a steel mortar and 
pestle. A portion of the pulverized tissue was weighed 
and homogenized for 20 seconds with a Polytron ST 
homogenizer, in enough 0.25 M sucrose, 0.05 M Tris-
HCL (pH 7.5), 10-• M dithiothreitol (DTT), 10-s M 
ethylenediaminetetraacetic acid (EDTA), 0.1% (w/v) 
Triton X-100 to give a 25% (w/v) tissue homogenate. 
The homogenate was centrifuged at 16,000 x g for 20 
minutes. The resulting supernatant was assayed for 
protein by the method of Lowry et a] [20). One portion 
of the supernatant was assayed for prolyl hydroxylase 
activity by the method of Hutton, Tappe!, and Uden-
friend [16) as described by Cutroneo and Counts [14) . 
Another portion was assayed for lysyl hydroxylase 
activity as described by Guzman, Rojas, and Cutroneo 
[17]. 
An additional portion of the pulverized tissue was 
weighed and homogenized for 20 seconds with a Poly-
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tron ST homogenizer in enough 8 M urea, 0.01 M NaCl, 
0.001 M KHP04 (pH 8.3) buffer to give a 5% (w/v) 
homogenate. The homogenate was allowed to stand in 
an ice bath for 2 hr and then centrifuged at 105,000 x g 
for 30 minutes. The supernatant was dialyzed against 
2000 volumes of 0.12 M NaCl, 0.05 M KH2PO. (pH 7.6) 
changed twice over 24 hr. This dialyzed supernatant 
was assayed for lysyl oxidase with chick collagen lysyl 
oxidase substrate as described by Harris [21) except 
that the assays were incubated at 37° for 60 minutes 
prior to the addition of enzyme and then incubated for 
an additional 3 hr. Enzyme activity was assessed both 
in the presence and absence of0.1 mM ,8-aminopropion-
itrile, a potent inhibitor of lysyl oxidase. Another 
aliquot of the dialyzed supernatant was assayed for 
protein [20]. 
Pulverized skin tissue was prepared for assessment 
of lactic acid dehydrogenase activity by homogenizing 
the pulverized material for 20 seconds with a Polytron 
ST. homogenizer in 9 volumes of 0.15 M NaCl, 0.03 M 
KH2P04 (pH 7.4). The homogenate was centrifuged at 
105,000 x g for 20 minutes and the supernatant was 
assayed for lactate dehydrogenase activity [22] and 
protein [20]. 
ANALYSIS OF TISSUE 
Hydroxyproline , DNA, and Protein 
A portion of the pulverized tissue was homoge-
nized for 40 sec with the Polytron ST homogenizer 
in 0.12 M NaCl at 3-5°C to give a 20% homogenate . 
An equal volume of 10% (w/v) trichloroacetic acid 
(TCA) was added, the suspension mixed and al-
lowed to equilibrate for 5 minutes (3-5°C). The 
suspension was centrifuged at 10,000 x g for 10 
minutes. The pellet was suspended in 5 ml of 5% 
(w/v) TCA and centrifuged at 10,000 x g for 10 
Ininutes. The wash procedure was repeated twice 
with 5 ml of 5% (w/v) TCA. The pellet was 
dissolved in 0.5 M NaOH (4 volumes per original 
weight of tissue). An aliquot was removed, enough 
12.1 M HCl was added to give a final concentration 
of 6 M HCl and the mixture was hydrolyzed in an 
autoclave for 18 hr. Hydroxyproline content was 
determined as described by Cutroneo and Counts 
[14]. The remainder of the sample was used for 
protein deterinination [20] and was assayed for 
diphenylamine-reactive material by the method 
of Burton [23] as described by Schneider [24]. 
Extr.actable Hydroxyproline Determination 
The final portion of the liquid nitrogen pulver-
ized tissue was homogenized for 20 sec with a 
Polytron ST homogenizer in enought 0.5 M acetic 
acid to give a 12.5% (w/v) solution. Mter the 
homogenate was stirred at 4°C for 12 hr, the 
homogenate was centrifuged at 105,000 x g for 90 
Ininutes and the supernatant was saved. The 
pellet was extracted again for 12 hr with the same 
amount of 0.5 M acetic acid and centrifuged at 
105,000 x g for 90 Ininutes. The supernatants 
were combined and dialyzed against 3 changes of 
2 liters each of 0.5 M acetic acid. The pellet was 
resuspended in 0.5 M acetic acid and dialyzed in 
the same manner as the supernatant fractions. 
The samples were evaporated to dryness and hy-
drolyzed in 10 ml of 6 N HCl in an autoclave for 18 
Dec . l977 
hr. The hydrolyzed protein w~s assayed for hy-
droxyproline as described previously [14]. 
Protein Synthesis and Hydroxyproline Formation 
Tissue was surgically removed from the skin of 
affected and control animals . Fat was removed 
from the dermis with a scalpel, the defatted tissue 
rinsed in 0.15 M NaCl, and the skin was minced 
into 2-mm cubes. Each incubation contained ap-
proximately 0.5 gm of tissue and 5 ml of Eagle's 
MEM. 
Either 10 ,uCi of L-[2,3-3H]-proline, or 20 ,uCi of 
L-[3H(G)]-tryptophane, or 10 ,uCi of [V 4C]-glycine 
was added to each sample and the tissue mince 
was incubated at 37oC for either 18 or 36 hr. 
Labeled amino acid incorporation and hydroxypro-
line formation were both linear for at least 36 hr 
in this tissue mince system. Mter incubation the 
tissue slices were removed and rinsed with two 5-
ml washes of 5% (w/v) TCA (3°C). The tissue was 
then homogenized in 10 vol of 5% (w/v) TCA for 
40 sec with a Polytron ST homogenizer. Protein 
which had been excreted into the media by the 
tissue was precipitated by adding an equal volume 
of 10% (w/v) TCA, and centrifuged at 10,000 x g 
for 10 minutes. The amount of protein collected 
from the media was negligible and was added to 
the total tissue homogenate. The homogenate was 
centrifuged, and the supernatant collected. This 
wash procedure was repeated once more. The 
pellet was then suspended in 5 ml of 0.5 N NaOH, 
and heated at 75°C for 1 hr. An aliquot of this was 
neutralized with 1 M HCl and counted. A 0.5 ml 
aliquot of this sample was added to an equal 
volume of 10% (w/v) TCA and the sample was 
assayed for diphenylamine-reactive material as 
described by Schneider [24]. Another aliquot was 
taken for protein determination [20]. The remain-
der of the solution was assayed for labeled hydrox-
yproline and total hydroxyproline as described by 
Cutroneo and Counts [14]. 
L-[3H(G)]-Tryptophane and [1- 14C)-glycine in-
corporation was determined the same as L-[2,3-
3H]-proline incorporation except that the protein 
was not hydrolyzed with 6 N HCI. 
RESULTS 
The total amount of protein in the skin of 
Ehlers-Danlos affected mink was not altered (Ta-
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ble I). Although there was a slight increase in 
DNA content in the skin, it did not appear to be 
significant enough to alter the protein/DNA ratio 
(Table I) . Mink with the Ehlers-Danlos syndrome 
had no change in total skin hydroxyproline con-
tent (Table I). However, if the 0.5 M acetic acid 
soluble hydroxyproline pool was examined, there 
was a 39% increase in soluble hydroxyproline, 
accompanied by a smaller decrease in the 0.5 M 
acetic acid insoluble hydroxyproline pool. 
Prolyl hydroxylase activity in the skin of Eh-
lers-Danlos affected mink was increased by a 
factor of 3.6 when compared to prolyl hydroxylase 
activity in the skin of normal age-matched mink 
(Table II). The prolyl hydroxylase activity was 
also measured in the livers of the mink. There 
was no alteration. (Table II). All assays were 
done at two protein concentrations to assure lin-
earity of the assay and comparable amounts'lof 
protein were used in each assay. 
These changes suggested that there were alter-
ations in collagen metabolism which were specific 
for connective tissue. When lysyl hydroxylase (the 
enzyme responsible for hydroxylation of certain 
lysyl residues in the nascent collagen polypeptide 
TABLE II. Prolyl hydroxylase activity in normal and 





droxylase activity (dpm x I0 - 3 
'HHO/mg protein) 
9.44 ± 1.14 
34.0 ± 4.1° 
Liver prolyl hy-
droxylase activity 
(dpm X J0-3 
'HHO/mg protein) 
1.39 ± 0.26 
1.60 ± 0.38 
Skin and liver biopsies were taken from anesthetized 
animals, the hair and fat was removed from the skin 
samples and pulverized after the tissue was frozen in 
liquid nitrogen. The pulverized tissue was homogenized 
in 0.25 M sucrose, 0.05 M Tris-HCl (pH 7.5), 10- • M 
DTT, 10- 5 M EDTA, 0.1% (w/v) Triton X-100 . The 
homogenate was centrifuged at 10,000 x g and the 
supernatant was assayed for prolyl hydroxylase activ-
ity and protein . The liver was homogenized in the 
same homogenizing medi a, the 16,000 x g supernatant 
prepared, and the supernatant was assayed for prolyl 
hydJ:oxylase activity and protein. Numbers represent 
the mean ± standard errors of 6 biopsies . 
a Significa ntly different from control at p s 0.05. 











Total hydroxyproline Acid soluble Acid insol-
hydroxy- uble hydroxy-
( iJ.mole/gm (nmole/mg proline proline (iJ.ntole/ 
wet weight) protein) ( p.mole/gm gm 
wet weight) wet weight) 
Normal 12.8 ± 1.2 147 ± 8 15.3 ± 1.7 77 .0 ± 11.9 538 ± 70 25.4 ± 0.9 49.6 ± 9.4 
Ehlers-Danlos affected 15.7 ± 1.2 137 ± 8.9 14.9 :±: 1.7 67.5 ± 7.3 478 ± 29 35.3 ± 4 .9a 39.7 ± 4.5" 
Skin from age-matched male normal and Ehlers-Danlos affected mink was prepared and analyzed for DNA, 
protein, and hydroxyproline. Acid soluble hydroxyproline indicates the quantity of skin hydroxyproline which 
could be extracted with 0.5 M acetic acid . 
Numbers represent the mean ± standard errors of 6 biopsies. 
a Significantly different from control at p s 0.05. 
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chain) activity in the skin was assessed, it was 
increased by a factor of 2.8 above controls (Table 
Ill) . This elevation of lysyl hydroxylase was ac-
companied by a 2.18-fold increase in lysyl oxidase 
activity (the enzyme responsible for the extracel-
lular formation of aldehydes at the 6 position of 
certain lysyl or hydroxylysyl residues). 
Lactic acid dehydrogenase activity was mea-
sured in the skin of these animals and was"found 
to be elevated 1.3-fold (Table III). This elevation 
may be a result of altered energy requirements 
due to the alteration of protein synthesis seen in 
the skin of the Ehlers-Danlos affected mink (Table 
IV). 
There was a 40% increase in tryptophane incor-
poration in the skin of the Ehlers-Danlos affected 
mink. This represents a 40% increase in general 
protein synthesis since little or no tryptophane is 
found in collagen or procollagen [25-27]. [1-' 4C]-
Glycine incorporation was elevated 93 % above the 
normal skin [1-1 4C]-glycine incorporation into 5% 
(w/v) TCA insoluble protein. Since glycine is a 
major component of collagen it can be used as an 
indicator of the rate of collagen biosynthesis. How-
ever, a better indication of collagen synthesis is 
TABLE III. Lysyl hydroxylase, lysyl oxidase, and lactic 
acid dehydrogenase activity in the skin of normal and 
Ehlers-Danlos affected mink 
Lysyl hy- Lysyl L t" "d dro lase · d ac JC acJ 
acti;,ity ~~i~~~ dehydro&enase 
(dpm 'HHOI (dpm 'HHO I actiVIty . 
mg protein) mg protein ) (!Uimg protem) 
Normal 299 ± 122 115 ± 11 7460 ± 1370 
Ehlers-Danlos 834 ± 66" 251 ± 7" 9801 ± 520° 
affected 
Skin was removed from anesthetized animals, the 
hair and fat were removed. The tissue was pulverized 
and the pulverized tissue was then used to prepare the 
appropriate homogenates for the assessment of each 
enzyme activity . Chick embryo collagen was used to 
measure lysyl oxidase activity. Each sample was as-
sayed at 2 enzyme concentrations to insure linearity 
with respect to the amount of enzyme. Comparable 
amounts of enzyme were used in each assay. 
Numbers represent the mean ± standard errors of 3 
biopsies. 
" Significantly different from control at p :s 0.05 . 
0 Significantly different from control at p :s 0.10. 
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the rate of proline incorporation into protein and 
subsequent proteinaceous hydroxyproline forma-
tion. [2 ,3.3H]-Proline incorporation into 5% (w/v) 
TCA insoluble protein was elevated 77% above 
controls (Table IV). This was accompanied by a 
133% increase in hydroxyproline formation in the 
skin of the Ehlers-Danlos affected animals . The 
5% (w/v) TCA soluble supernatants were assessed 
for increases in the amino acid pool specific activ-
ity which may alter the apparent amino acid 
incorporation rate. Although the increase in pro-
tein synthesis was drastically altered, no changes 
in either the uptake of labeled amino acids or 
total amino acid content of the tissue could be 
detected when assessed as described by Cutroneo 
and Counts [14]. 
DISCUSSION 
In recent years, several forms of the Ehlers-
Danlos syndrome have been distinguished based 
on a combination of clinical, genetic, and biochem-
ical characteristics. In the autosomal recessive 
forms (IV through VII), specific biochemical de-
fects in collagen metabolism have been identified 
which explicate the clinical signs of skin fragility 
and hyperextensibility [9]. The autosomal domi-
nant forms (I through III) of the Ehlers-Danlos 
syndrome remain clinical and genetic entities 
which have not been characterized with respect to 
specific biochemical lesions. 1 
The Ehlers-Danlos syndrome also occurs in dogs 
and mink and both are genetically transmitted as 
autosomal dominant disorders. In this study, we 
have examined the skin of mink afflicted with the 
Ehlers-Danlos syndrome and have found an in-
crease in the· acid soluble collagen and, in addi-
tion, an increase in the activities of certain key 
enzymes involved in collagen synthesis, including 
prolyl hydroxylase, lysyl hydroxylase, and lysyl 
oxidase. These changes are characteristic of tissue 
which has a high rate of collagen synthesis [28, 29]. 
The increase of prolyl hydroxylase activity was 
confined to the skin (Table II) in our studies. 
Liver, the other organ examined, showed no in-
crease in prolyl hydroxylase. The level of the 
enzymes reported in this study were not equally 
elevated and these findings may be similar to 
those of Risteli and Kivirikko [28] who reported 
unequal increases of enzyme levels in liver injury 
possibly due to differential collagen type synthe-
TABLE IV. (3H]-Tryptophane incorporation, (!'C)-glycine incorporation , (3H]-proline incorporation and (3H]-
hydroxyproline formation in the skin of normal and Ehlers-Danlos affected mink 
['H]-Tryptophane ["C)-Glycine ['H)-Proline ['H)-Hydroxyproline incorporation incorporation incorporation formation (dpm x J0 -' 1 (dpm x J0- 3 / (dpm X I0-'1 (dpm x J0 -'1 
mgprotein) mg protein) mgprotein) !J.mole HYP) 
Normal 563 ± 14 119 ± 28 559 ± 80 10.4 ± 1.1 
Ehlers-Danlos Affected 788 ± 108" 230 ± 40" 991 ± 89" 24 .2 ± 4.4" 
Animals were biopsied at approximately the same time . Fat tissue was removed from the dermis and the skin 
was minced into 2-mm cubes. The tissue was incubated with [''H)-tryptophane, [14C]-glycine, or [3H]-proline for 
18 hr. After incubation, the incorporation of each label into 5% TCA insoluble protein was determined. 
Values represent the mean ± standard error of 4 biopsies . 
a Significan~ly different from control at p :s 0.05 . 
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sis. The level of lactic acid dehydrogenase was 
increased 31 %, which was not comparable to the 
much greater increases in activities of enzymes 
involved in collagen biosynthesis. The increase in 
lactic acid dehydrogenase may represent a greater 
requirement for energy synthesis caused by the 
increase in protein and collagen biosynthesis . 
The incorporation of labeled glycine and labeled 
proline into protein and labeled hydroxyproline 
formation indicated that there was approximately 
a twofold increase in collagen biosynthesis. Al-
though the labeled tryptophane incorporation into 
protein was increased, it was not increased as 
much as hydroxyproline synthesis. The increase 
in the rate of hydroxyproline formation was due 
to an increase in the collagen synthesis rate per 
cell because the DNA content was not increased 
(Table I) indicating that the cell density was not 
increased. 
The increase in acid soluble collagen in the ED-
S skin can be explained in several ways. It may 
represent the inability of acid soluble collagen to 
participate in a more insoluble collagen pool be-
cause of a collagen cross-linking problem. Another 
alternative explanation may be that the acid sol-
uble collagen from the ED-S skin may represent 
collagen in a more immature state due to the 
increased collagen synthetic rate. Finally, the 
increase in acid soluble collagen may be due to a 
combination of these two mechanisms. 
Because the collagen biosynthesic rate is in-
creased, the acid soluble collagen increase may 
represent an increase in recently synthesized col-
lagen which theoretically has the capacity to par-
ticipate in a more insoluble collagen pool. If this 
is so, the biosynthetic rate must result in either 
an increase in the total collagen in the skin or an 
increase in the degradation of collagen since total 
skin collagen is a reflection of the flux between 
collagen synthesis and degradation. The ED-S 
mink skin studies demonstrated that there is no 
increase in the total skin collagen but an increase 
in collagen synthesis. Further studies on collagen 
metabolism in the ED-S mink may provide valua-
ble insight into the regulation of synthesis and 
degradation of collagen which could be used in 
the control of healing processes. 
Since the ED-S is inherited in an autosomal 
dominant fashion, one would expect that only one 
nucleotide substitution would have occurred in 
the DNA. This substitution could account for the 
changes seen in the ED-S in many ways. First, 
the collagen produced from the substitution may 
be defective and unable to participate in normal 
fiber formation , thus causing a defective feedback 
mechanism, tissue damage, and elevated collagen 
metabolism. Alternatively, a substitution may 
have occurred in a gene coding for a regulatory 
protein or in a promotor site of a structural gene 
which might code for control of collagen metabo-
lism. These possibilities would all lead to altered 
connective tissue synthesis and composition as 
proposed in a recent report of a human patient 
with Ehlers-Danlos syndrome type I [30]. 
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We propose that the skin of the ED-S mink 
may be in a constant state of increased collagen 
biosynthesis stimulation, responding as normal 
skin responds to an injury or due to lack of 
regulation. In injury, both collagen synthesis [31] 
and collagen degradation are increased. This in-
jury-repair response may be stimulated by the 
repeated micro- insults to a weakened ED-S skin 
or it may represent unregulated collagen metabo-
lism associated with the primary defect in the 
Ehlers-Danlos syndrome of mink. Further studies 
of this ED-S mink collagen may provide a means 
for comparison of a defect in collagen maturation 
with aging processes. 
We wish to thank J. Ryder for technical assistance 
in caring for the mink and S. Nottingham for labora-
tory technical assistance. 
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